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> A, hadronic decays
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Discovery of A"

W A" was first observed of at Fermi Lab in 1976 and then established
at Mark 11 experiment in 1980.
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A" cornerstone of charmed baryon spectroscopy

Quark model picture:
a heavy quark (c) with a

@ unexcited spin-zero diquark (u-d)

Heavy Quark Effective Theory:

v'diquark correlation is enhanced by weak
Color Magnetic Interaction with a heavy quark
v'more reliable prediction of heavy-light quark 5
transition without dealing with light degrees oféa
freedom that have net spin or isospin.

mass (GeV)

Charme

A.* may provides more powerful test on
internal dynamic than D/Ds does.

3.1

(a) Charmed baryons
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A, Measurements [PDG2015]
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Fraction ([;/T)

Seale factor)
Confidence level (M

Hadronic modes with a p: 5= =1 final states
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pr w' w® w (25 + 16 )= 13
pKt K- { 11 + 04 )x10—3
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pKT K™ non-o (48 + 18 )= 1079

Hadrenic modes with a hyperon: S = =1 final states

=t [ Lab 0.13]%
Axt 0 [ 50 + 1.3 )%
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An—
HTTP://PDG.LBL. GOV Page 32

Created: 10/6/2015 1z

v’ Total branching fraction small than 65%.

CL=05%

v" Lots of unknown decay channels

v" Quite large uncertainties, most larger than 20% .+,
v Most BFs are measured relative to A,"2>pK-r*
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Chutid TN 2009: Start of BESIII data taking
\ BESIIl detector 4NN 5eam energy: 1.0-2.3 GeV
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BESIII Detector

Drift Chamber (MDC)
cP/P (°/,) = 0.5%(1GeV)
G gesax (/o) = 6%

Super-conducting
magnet (1.0 tesla)

Time Of Flight (TOF)
c;: 90 ps Barrel
110 ps endcap

pCounter
8- 9 layers RPC
ORM®=1.4cm™1.7 cm

EMC: GE/VE(Y/,) = 2.5 % (1 GeV)
(Csl) o,,(cm)=0.5-0.7 cm/VE




Data samples at BESIII

In 2014, BESIII collected data above A pair threshold and run
machine at 4.599 GeV with excellent performance.

o(nb)

Energy (GeV) |Luminosity (pb!) PRL101 (2008) 172001

0.6 - J{H o7

4.575 ~43 0.4

4,580 -85 02 bt
o
4.590 ~8.1 45 46 47 48 it.|9+5_ 'sjr.1 52 53 '52.|4
M(A: Ap) GeV/e
4 599 ~567 FIG. 4: The cross section for the exclusive process e¥e™ —

In the future, it is possible that BESIII can collect A, data at high
energies, for example 4.64 GeV or more high energies.

It is time to systematically study the decay property of A, at BESIII.



Analysis Technique

v'Single Tags (ST)
Example:

DT MBC — \/Ebzeam B |ﬁf\; |2
Ve =~
7 o A®)
;L@ v'Double Tags (DT)
— Umiss — bkmiss — C‘ﬁmiss‘

— °  vBranching Fraction (BF)
ﬁ‘#: Bsi, = v
K+

- Ntag x ¢

Clean sample of ST charmed baryons can be fully reconstructed

by hadronic decays with large BFs. Based on this, one can access
to absolute BFs and dynamics in the decays.



Singly Tagged A~ baryons

The singly tagged A~ baryons are reconstructed by:

@ \; — pK_, Ne — pKtm—

o N\; — pKIn, Ay — pKtn 7°,

@ N, —}ﬁK\g?rJF?T_, Ay — Ar—,

@ A\ — Arn— P, A — Ar— 7,

o N, — Y0, Ag — X 7% and A, —YX 77,



Singly Tagged A~ baryons

Summary of the BFs for 11 smgle tags: PDG2015
pKY ( 321+ 0.30)% —

pK— (osa® 3y

pK°7° (45 + 06 )%

p?ﬂﬁ+ T (35 + 04 )%

pK— 7t 7l (46 £ 08 )%

Art ( 1.46+ 013] % — ~40%0
Art 70 (50 £ 1.3 )%

Artata~ ( 3.50+ 023)%

O+ (1.43+ 0.14) %

Yta (1.37+ 0.30) %

STata~ (49 +£ 05)%

Currently, the total measured BFs for A*

IS less than 65%o.



B Mg distributions for 11 single tags

Events/0.001 GeV /c?

300

200r
100f

400f

200

400r
200r

100

5{)-

Singly Tagged A~ baryons
Mac = \/E2un — [P, 2
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Mode AE (GeV) Ni-
Pk [-0.025, 0.028] 1066 + 33
pKtr [-0.019, 0.023] 5692 + 88
pKO 7 [—0.035, 0.049] 593 + 41
pKtr 1 [—0.044, 0.052] 1547 + 61
pKontn [-0.029, 0.032] 516+ 34
An [—0.033, 0.035] 593 4+ 25
Ar= [-0.037, 0.052] 1864 £ 56
Arrtn [—0.028, 0.030] 674 + 36
S0z~ [-0.029, 0.032] 532 4+ 30
> [-0.038, 0.062] 329 428
S-rtn [—0.049, 0.034] 1009 + 57

ST yields: 144153159 events with 11 ST modes



A 2> AlYy, decays

o In 1991, ARGUS reported the first measurement of A_.*=>Al*v; with
477 pb1 Y (1S), Y(2S) and Y (4S) data

20|:

(®) (e+e — APX) - BR(AT — AetX) = 4.20 & 1.28 + 0.71 pb
o(ete” = AP X)-BR(AS — AptX) = 3.91 4 2.02 4 0.90 pb
Phys. Lett. B 269, 234 (1991).

N / 100 MeV/c'
N / 100 MeVv/c?

|'|1'|||||||||-le-_|_;_'l
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o 1 2 3 4 5 0 1 2 3 4 5
mass(re’)  (CeV/c Mass(aw)  (GeV/€)

oIn 1994 CLEO performed same measurement with 1.6 fb! Y'(4S) data

120

! ]
g( Tem = AJX)-BR(A! — AetX) = 4.87 +0.28 + 0.69 pb

100

80

o(ete” = AT X)-BR(AY — AutX) = 4.43 + 0.51 + 0.64 pb

Events/100 MeV/c’

Phys. Lett. B 323, 219 (1994).
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o Based on above two measurements PDG extracts BF for A;*2>Al*y,
with t(A.*) and the assumption of form factors

Aty [l (28 + 04)% 13

Aet v, (29 + 05)% Not a direct measurement!

Aptw, (27 + 06 )%




A" 2> Ae*y, decays
Theoretical calculations on the BF ranges from 1.4% to 9.2%

PDG2014: (2.1+0.6)% Input B[A-">pKnt]=(6.84032_, )%
PDG2015: (2.9+0.5)%  <4=mm by BELLE [PRL113,042002(2014)]
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PRL115(2015)221805

H% HH 104411 DT

Events/0.010 GeV

-0.2 IJ 2 -0.2 -0.1

0

0.1 0.2

me—, {(de] Umiss (GeV)

B[A. 2> Ae*v]=(3.631£0.38+0.20)% First absolute measurement
Important for test and calibrate the LQCD calculations.



Model &Experiment Brexp [%0] References

SU(4) symmetry limit 9.2 M. Avila-Aoki et al [PRD40, 2944 (1989)]
Non-relativistic quark model 2.6 Perez-Marcial et al [PRD40, 2955 (1989)]
MIT bag model [MBM] 1.9 Perez-Marcial et al [PRD40, 2955 (1989)]
Relativistic spectator Model 4.4 F. Hussain et al [ZPC51, 607 (1991)]
Spectator quark model 1.96 Robert Singleton, Jr. [PRD43, 2939(1991)]
Quark confinement Model 5.62 G. V. Efimov et al [ZPC52, 149 (1991)]
Non-relativistic quark model 2.15 A. Garcia et al [PRDA45, 3266 (1992)]
Non-relativistic quark model 1.42 H.Y.Chengetal [PRD53, 1457 (1995)]
QCD Sum Rule 3.0+0.9 H. G. Dosch et al [PLB431, 173 (1998)]
QCD Sum Rule 2.6+0.4 R. S. Marques de Carvalho et al

QCD Sum Rule 58415 [PRD60, 034009 (1999)]

HOSR 4,72 M. Pervin et al [PRC72, 035201 (2005)]
HONR 4.2

STSR 2.22

STNR 1.58

LCSRs 3.0+£0.3 (CZ-type) |Y.L.Liu, M.Q. Huang and D. W. Wang

2.010.3(loffe-type)

[PRDS0, 074011 (2009)]

Convariant confined quark model

2.18

Thomas Gutsche et al [PRD93, 034008(2016)]

BESIII [First absolute measurement]

3.631+0.43

PRL 115, 221805 (2015)]




A =2Ap*v, decays

Theoretical calculations on the BF ranges from 1.4% to 9.2%

: //////// T [

B[A," > Aptv,]=(3.4920.4620.26)%
T[A; D Ap v T[A D Aetv,]= 0.96+0.16 +0.04

where the first error is statistical and the second systematic.
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J is not well measured; & is the quark-model

Search for A_*2>A’l*y,

o If A, isJ=1/2, it favors the decay A,/"2>Al*v;.
B[A, DA Y ]<<B[ASDAl* Y] ?

145 = o(3%)

rediction.

Mass m = 2286.46 £+ 0.14 MeV
Mean life 7 = (200 + 6) = 10~ 1% s (5 = 1.5)
cr = 59.9 um

u

S9 suggestive of di-quark model

S

o Searching for A.* 2A*"v; is quite important.

Mass

1Py =03

Below K N threshold

m = 1405112 Mev Mass
Full width I = 50.5 & 2.0 MeV Full width I = 50 to 250 (= 150) MeV

Pheam = 0.58 GeV /e

12y = 03 ™)
m = 1560 to 1700 (= 1600) MeV ’\ *epk _/E Tc

4mwx? = 41.6 mb

A(1405) DECAY MODES Fraction (I;/T) P (MeVjc) A(1600) DECAY MODES Fraction (I';/T) P (Mevic)
P 100 % 155 NK 15-30 %
— 1Py —o(3—
A(1520) 3/2 47 (z7) A(1670) 1/2— 1JFy = o0d—)
Mass m = 1519.5 = 1.0 MeV [=]
! Mass m = 1660 to 1680 (=~ 1670) MeV
Full width I' = 15.6 & 1.0 MeV [7] Full width [ = 25 to 50 (= 35) MeV
- 2
A(1520) DECAY MODES Fraction (F;/T) P (MeVje) Poeam = 0.74 GeV/c 4mxE = 28.5 mb
NF el 2 A(1670) DECAY MODES Fraction (I;/T) (Mev/c)
b (42 +1 ) % N 20-30 %
Amw (10 +1 )% oo 2555 %,
X arar { 0.0 +0.1 )% — =
A=y ( 0.85+0.15) % 350 NR*(892), 5=3/2, D-wave (5k4) % t

[PRD93, 14021]

[PRC72, 035201]

A D> A(1405) e*v,

2X107°

0. 6%

A2 A(1520) e*v,

0. 1%

Some theories suggested that the weak decay processes are important to clarify the
existence and the nature of A(7405). Thus, study of A.* 2A(1405)*v; is very important.



IS unique: the most simple and straightforward

Events/1.0 MeV/¢

Absolute BFs for A" hadron decays

Measurement using the threshold pair-productions via e*e~ annihilation

1000

S0F

20fF

10F

20E
15E
10F

2.26 2.28

2.3 226

228

2'* 2.26

My (GeV/ed)

PRL116(2016)052001

o L A | Aglobal least-square fitter is
A L ‘ Em’}h utilized to improve the measured
b B sl dun - precision for 12 A+ hadronic decay
. J}L _ M | channels.
o T A7 DT DT rDT AT DT
= : 4 | NP N NPT 4+ NP
MENE R

it £ i1
v Absolute BFs are improved

Mode This work (%) PDG (%) BELLE B
,.PKE______l_52_i_0_Q8_¥ 003 __115:+£030 _ _________
1 pK 7t 5.8440.27 £0.23 5.0+1.3 6.84 & 0.2419.2}
ARG =TT TIBTE0I3T005 TTIBS T UB T

pKirTn~  1.53+0.11+0.09 1.30+0.35

pK m'm® 45340234030 3.4+10

Art 1.244+0.07 +0.03 1.0740.28

A0 7.01+0.37+019 3.6+13

Artr—nt  3.81+£0244+0.18 26+0.7

Yot 1.27+0.084+0.03 1.05+0.28

a0 1.18+0.104+0.03 1.00+0.34

YtrtmT 42540244020 36+1.0

Ytw 1.56 £0.20+0.07 2.7+1.0

significantly.

v BESIII BF for A*2>pK-rt is
smaller.

v Improved absolute BF of pK- i+
together with BELLE’s result are
key to calibrate other decays.
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Observation of A_f2>nK '+

First observation of A-* decays to final states involving the neutron.

—_ . .
o, 0.54 ' : e
= BESIII preliminary .
© 052 Y
U ~
5]
T 0s | ¢
] T%:’-:: S
t =
048 =
= &
g
=
0.46 &
| Y l |
0.7 0.8 0.9 1 1.1

M2, (GeV?/ch)

The missing neutron is detected by:

‘ 1[§1le - (I‘)Aj_ _ 1)}{2 o E'-’.?T+j2 - 1]-_1155 —C ‘_jxlnlhﬁ‘

= data (a) i
30— tot s BESH preft
— A, blg
20 i{ 20
>
=
2
10 210
3]
R
=
10 10} (b")
5 5
P g T Th TS g T ke
0.7 08 09 1 1.1 046 048 05 052 054
Mz (GeV?/ch) M, +,.- (GeV/c?)
- 2 - . _
Fitto M-, and M_, spectra in (a,b) A,

signal region and (a’,b’) A~ sideband

83+ 11 net signal events
BESIII Preliminary results:

B[A, > nKn*]=(1.8240.230.11)%

region simultaneously.

The relative BF of neutron-involved mode to
proton-involved mode is essential to test the
Isospin symmetry and extract the strong phases
of different final states. [PRD93 (2016) 056008]



Study of SCS Decays A =2 prntn-and A 2> pK*K~

Submitted to PRL arXiv:1608.00407

Interest since it proceeds W-
Py ———ty z.ﬁa;-z’.ég .exchange only, which is essential
Mac(GeVIc?) Mg (GeVic') to validate the theoretical models

Two-dimensional unbinned maximum likelihood fit and test the application of large-N,
factorization in charmed baryon.

Quab A Opkn Gap Ao

2 5940485 E 495+ 35 v’ Study of SCS decays can shed
2ot 2 light on dynamics of A,* decays
A | =1 . .

£ sl ] v B[A_ *2>p¢] is of particular

‘g A PKK ‘f}@m[ A KK [Via—0)
gzn-:- 38+9 2| v' ST study, relative BFs to
o | o2} A >pK-nt is measured.
- | wr
31 B0l v’ Input BESIII measurement:
g | } o | B[A,*>pK+]=(5.84£0.27 £0.23)%
L”!] m L .:f. *,,... . o '

25 226 2271 2 226 23 1 1 EIE 1 1 115 12 125 1 3

Myc(GeVi (K'K)(GeVic)
- Bmm,u B(PDG)
AT Spnim (391 £ 028 £0.15+0.24) x 10-° (3.5 £2.0) x 107
AF = po (1.06 + 0.19 + 0.08 £ 0.06) x 10™3 (8.2 £ 2.7) x 10~

AF = pKY K~ (non-¢) (5.47 +1.30 +£0.41 +£0.33) x 10~*  (3.5+1.7) x 10~*




Summary

o BESIII provides important results on A" decays
> A" Semi-leptonic decys
> A" hadronic decays

Important to understand the decay property of A.*

o More fruitful results will come out!
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Thanks!



